We investigated the strong ground motions and the damage of buildings near the coseismic surface faulting of the 2011/04/11 Fukushima-ken-Hama-Dori Earthquake (the April 2011 Fukushima earthquake, Mw 6.6). First, we confirmed that the ground motions from this normal fault were equivalent and/or stronger than the thrust fault, by comparing the strong motion records with the attenuation relation. We also checked that the ground motions near the epicentral area were larger than those of the 2011/03/11 Great Tohoku earthquake (Mw 9.0). Therefore, the most of building damage was probably caused by the 2011 April Fukushima earthquake. Next, we investigated that the 191 buildings near the surface faulting (within 500 m), and obtained the following conclusions. The most of severe damage was caused by the surface faulting and the subsequent ground failure. Among 9 buildings above the surface faulting, only one building was overturned; the building was a traditional tall gate in a Budhism temple, and fell on the side by the surface faulting of about 60 cm dislocation, because the columns were not anchored to the foundations. As for the other buildings, the damage by the strong ground motion was negligible. That is, the rate of heavy damage (Damage Grade 4 and upper) was less than 2%, which corresponds to JMA Intensity 5-and 6+, even though the most of buildings seemed very old and weak.
INTRODUCTION
In recent years, the importance of countermeasures against large-scale earthquakes in active fault zones in big cities, such as the Tachikawa Fault in the Tokyo area and the Uemachi Fault in the Osaka area, has been pointed out. As became evident from the 1995 Hyogo-Ken Nanbu Earthquake, not only a destructive, "near-source directivity pulse" (killer pulse), but also distinctive ground motions such as massive slip deformation called "fling step" occur in an earthquake in a active fault zone 1) , 2) . In this paper, a coseismic surface faulting means a seismologically confirmed earthquake source fault that reaches the ground surface 3) . There are not many surveys conducted about building damages due to the appearance of the surface faulting, but some characteristic damage has been reported. For example, an earthquake surface faulting occurred as a reverse fault in the 1945 Mikawa Earthquake, but the great damage of buildings was much more seen on the hanging wall of the surface faulting, and many of the buildings were collapsed in a direction of the foot wall and orthogonal to a fault line 4) . On the other hand, a massive coseismic surface faulting appeared as a reverse fault in the 1995 Chi-Chi earthquake, and the damage of buildings was reported in detail. In the epicentral area located about 20 km east of the surface faulting, many buildings were damaged by strong ground motions. However, in the area very near the surface faulting, most of damage was not caused by ground motions, but by the dislocation of the faulting. In particular great damage was caused by slip-shear failure immediately above the fault or by a subsurface layer that had been strongly deformed or tilted, when the hanging wall had slid up over the footwall 5) . There are many unclear points about how a coseismic surface faulting impacts Japanese earthquake-resistant buildings. Therefore, it is extremely important to investigate the impact on the buildings and consider countermeasures against it when we construct earthquake-resistant buildings in our country where there are many active faults even in big cities. The April 2011 earthquake (Mj: Japan Meteorological Agency seismic intensity scale 7.0, Mw 6.6, earthquake focal depth 6 km) is considered to be an aftershock of the 2011 Great Tohoku earthquake (Mw 9.0) in a broad sense, and it was caused by a normal fault with an east-northeast -west-southwest trending tension axis in the shallow inland crust. As Figure 1 shows, a coseimic surface faulting appeared in a large area mainly along the Yunodake Fault and the Idosawa Fault during the earthquake 7)-11) . Both of the faults had been presumed to be active faults 12) . In this earthquake, in addition to the Fujiwara fault, an extension fault of the southeast side of the Yunodake Fault 13) , the 
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Predicted active faults Investigated Building west side of the Idosawa Fault running parallel east and west was ruptured. Furthermore, a greatly extended fault also occurred on the northwest side. Especially in Shionohira, a very large surface faulting of up to 2 meters appeared. Unfortunately, there has been no strong motion record obtained around the surface faulting. But in the surrounding area, as Figure 1 shows, the earthquake measured a lower 6 on the southeast side of the fault (area including Iwaki City) and an upper 6 on the northwest side of the fault on the intensity scale of JMA (Japanese Meteorological Agency). The purpose of this paper is to report the result of complete surveys on buildings near the coseismic surface faulting of the April 2011 Fukushima earthquake, and to investigate the properties of strong ground motions in the immediate vicinity of the surface faulting and its impact on buildings. The complete survey was conducted by six researchers on May 29 and 30 in 2011, based on the survey sheet (see Apendix) that was used by the Tohoku Chapter of the Architectural Institute of Japan 14) . Main survey items included the year of construction, intended use, construction types, the number of stories, foundation/roof types, the extent of damage, and ground deformation, mainly based on visual examination. The extent of damage was determined by the existing damage chart 15) .
STRONG GROUND MOTIONS OBSERVED IN THE APRIL 2011 FUKUSHIMA EARTHQUAKE
Although the April 2011 Fukushima earthquake was a normal-fault earthquake, there are some known cases of shallow normal-fault earthquakes not producing very strong ground motions in the past, such as the 1933 Showa Sanriku earthquake. It is also important to discuss whether the observed earthquake damage was caused by this earthquake or the main shock (Mw 9.0 the Great Tohoku earthquake). Therefore, we first examined the characteristics of the strong ground motions recorded in this earthquake and the main-shock. Figure 2 shows the velocity records of the April 2011 Fukushima earthquake (the after-shock) and the Great Tohoku earthquake (the main-shock), and their response spectrum obtained at three K-Net and KiK-net stations (see the stations in Figure 1 ). As for the southeast side of the epicentral area, FKS012 (Nakoso), the amplitude levels and measured intensity levels obtained from both of the earthquakes are approximately the same. As for the northwest side, FKS013 (Furudono), on the other hand, the amplitude and seismic intensity levels obtained from the after-shock are higher. Conversely, as for the southwest side, IBRH13 (Takahagi), those levels of the main-shock are higher. This is probably because of the directivity effect of the April 2011 Fukushima earthquake, propagating the fault rupture from the south to the north. The details of the strong ground motions at these stations near the surface faulting are not known, but ground motions can become stronger as a result of the directivity effect. According to the hearing survey conducted for the on-site investigation, many people felt the ground motions of the after-shock (the Fukushima earthquake) was stronger than those of the main-shock. They also reported that the after-shock also caused damage with no exception. Therefore, we concluded that the results obtained from the damage investigation was caused by the Fukushima earthquake.
Next, we compare the strong ground motion records in this the normal fault earthquake with another earthquake of a reverse fault using an attenuation relation (Si and Midorikawa 16) ). Figure 3 shows relationships between peak ground velocities (PGV) from K-NET strong-motion records and the attenuation relations with regard to the April 2011 Fukushima earthquake and the 2008 Iwate-Miyagi earthquake (Mj 7.2, Mw 6.6, earthquake focal depth 8km) as a reference example of a shallow reverse fault earthquake. When we compare the data with the relation, we revised PGV values of the observation records using information on the soil of a 20 meter surface layer in accordance with the method used in Ref. 17 , in order to estimate the values for stiff soil with Shear wave velocity (Vs) of around 600 m/s. The figure shows the PGV values of the Iwate-Miyagi earthquake is very consistent with the attenuation relation. On the other hand, the PGV values of the April 2011 Fukushima earthquake are similar to, or greater than, the attenuation relation. Therefore, although the fault of this earthquake is a normal fault, the level of strength of ground motions is even or higher than that of a reverse fault. 
COMPLETE SURVEY OF BUILDING DAMAGE NEAR THE SURFACE FAULTING
We conducted a complete survey of building damage near the coseismic surface faulting of the April 2011 Fukushima earthquake in order to investigate the strength of the strong ground motions and their effects on buildings. The survey was conducted by six researchers for two days, on May 29 and 30 in 2011, using the survey form (see Appendix) as a reference material. Many of the main surveyed areas are in the mountain and there are not many buildings in clusters. Therefore, we included barns, alters and halls of shrines and temples in the survey to collect as much data as possible. The survey is basically based on visual examination but we also recorded all hearing surveys when possible. Main survey items included the year of construction, intended use, construction types, number of stories, foundation/roof types, the extent of damage, and ground deformation. We decided to record information on measurement regarding the amount of soil displacement and tilting of buildings, and so forth, if there was damage caused by the faulting. The extent of damage (Damage Grade) was determined with the six grades, D0 (No damage), D1 (Minimal damage), D2 (Partially damaged), D3 (Half damaged), D4 (Fully damaged), D5 (Partially collapsed), and D6 (Fully collapsed), according to the damage chart by Okada and Takai 15) . This damage investigation chart is most widely used in the field of buildings, but it is assumed that it is mainly intended for damage caused by earthquake shaking, but not for damaged caused by ground deformation. For the future it is necessary to set criteria, and to create charts, for assess damage caused by ground deformation including surface faulting, as large-scale ground liquefaction and landslide were induced in the 2011 Great Tohoku earthquake. Figure 4 shows investigation areas, the predicted locations of active faults 12) and the actual locations of the coseismic surface faulting 11) . In this investigation, we conducted the complete surveys mainly in three areas centering around the Idosawa Fault (west) and the southeast of the Yunodake Fault (the Fujiwara Fault). As for Buildings 1-3 in Figure 4 , we did not include their data in the complete surveys, but we recorded the data as reference Tables 1 to 6 show the main characteristics of the investigated 191 buildings (Buildings 1 to 3 in Figure 4 are excluded as they are not included in the complete survey). Table 1 , 2, 3, 4, 5 and 6 show, respectively, construction types, the number of stories, building age, foundation type, roof type, and intended use with regard to the buildings. 90% of all the buildings were wooden, detached houses only for families to live in, and they are low-rise buildings of two stories or less except one. There were a few new buildings and about 90% of the buildings were older than ten years and nearly half of them were as old as about thirty or older. As for foundation types, a continuous footing was used in 80% or more of the buildings but independent footing, such as cobblestone, which is less earthquake resistant in general, was used in about 10 % of them. As for roof types, nearly 90% of them had tiled roofs and there were not many houses with earthen roofs, accounting for only 5%. Next, Tables 7 to 12 show locations and distances between the buildings and the surface faulting, and a brief overview of damage. Table 7 shows the distribution of the distance from the surface faulting to the building. All the buildings were within 500 meters from the faults and more than half of them are as close as within 200 meters. Table 8 shows the locations of the buildings relative to the surface faulting. Nine of the buildings were located immediately above the faults. There were 54 buildings on the hanging wall side where subsidence could occur, and, 120 buildings were on the footwall side, where ground uplift could occur. "Unknown" means that there was not any surface faulting to be clearly seen nearby. Table 9 shows the distribution of the damage grades. Nearly 90% of the buildings were minimally damaged and are classified as D1 grade or lower. Only 7% of the buildings were greatly damaged to be classified as D4 grade or higher. Table 10 shows damage to roofs. Nearly 80% of them were not damaged at all and about 20% of them sustained partial damage such as falling of some roof tiles. There was only one building (collapsed temple gate) whose roof was fully damaged. Table 11 shows damage to foundations and Table 12 shows the presence or absence of ground deformation on the premises of the buildings. On about 20% of the premises, there was ground deformation, which was caused by the surface faulting, embankment, and so on. With regard to more than about 20% of them, we found some damage, such as cracks, disrepair, gaps, and tilting of building foundations. We investigate characteristics of the damage in detail. Table 13 shows relationships between the age of the buildings and the Damage Grades. Only one building was classified as in D5 or a higher grade and about 80 % of the buildings fell into D1 or the lower grade. The percentage of the buildings fully destroyed relative to the whole was about 6%, where the number for "fully destroyed" is equal to the total number of the buildings in D4 or the higher grade. As for the relationships between the building age and the ratio of the fully destroyed buildings, the ratio was about 11% for very old (older than about 30 years) buildings and about 4% for moderately old (older than about 10 years) buildings. On the other hand, that of the new buildings was 0%. The older the buildings were, the greater the damage was. Table 14 shows relationships between the Damage Grades and the distances of the buildings to the surface faulting. Out of nine buildings located immediately above the fault, six buildings sustained damage of D4 or greater due to significant dislocation, and their ratio of the fully destroyed buildings was 78%. The other two suffered damaged of D2 and D1. As described later in this paper, one case is where the surface faulting rans through the side of a building (Picture 14) and the other case is where ground deformation was small (Picture 23). On the other hand, other than the buildings located immediately on the surface faulting, as for the buildings both on the hanging walls and footwalls, the ratio of the fully destroyed buildings was very small, less than 2%. Although it has been reported that damage tends to concentratedly occur on the hanging wall side in the immediate vicinity of a reverse surface faulting 4),5) , this tendency was not clearly found in this investigation. The reason for this is that, as the investigated area is in a mountainous region, there is not much soft subsurface soil on the whole. In addition to that, the hanging wall sinks down in normal faulting, where a ground failure of the edge of the hanging wall is not seen, contrary to the uplifts as in the reverse faulting.
Although many buildings were very old in the investigated area, the rate of the fully destroyed buildings by strong ground motions was less than 2 % except damage occurred immediately above the faults. This is equivalent to an earthquake intensity of 5 upper to 6 lower on the JMA intensity scale. That is, although massive coseismic surface faulting appeared, the ground motions were not so severe. This agrees with the research findings on the area very near the surface faulting in the 1999 Chi-Chi, Taiwan earthquake 5) . As shown in Figure 4 , according to the locational relationship between the faults and the investigation areas, a directivity pulse can occur at the areas, but it appears that low-rise buildings were not greatly affected, probably because of this long-period seismic pulses. In the future further examination should be conducted with the simulation of strong ground motions, and so on. 
CHARACTERISTICS OF BUILDING DAMAGE IN VARIOUS AREAS
We report the observed surface faulting and the characteristics of damage to buildings with regard to the three areas shown in Figure 4 on which there is a certain amount of comprehensive data. Finally, we show some examples of characteristic damage near the surface faulting outside the area (Buildings 1 to 3 in Figure 4 ).
Area 1 (Tabito, Kuroda, and Aza Shionohira in Iwaki-City)
There are only seven investigated buildings in Area 1, but the greatest dislocation of the surface faulting (about 2 m) occurred immediately south of the area. Two of the seven buildings were located immediately on the surface faulting so that typical damage induced by fault slip was observed. Tables  15 and 16 respectively show the relations of the Damage Grades, to building age, and to the positions of the buildings relative to the fault. As this area is one with typical farming villages, most of the buildings are very old, traditional wooden ones. The rate of fully destroyed buildings was 43% as a whole, and the rate increased to as high as 60% for the buildings older than 30 years. The damage of D4 was caused by the surface faulting, and other buildings suffered damage of D1 or minor. Figure 5 shows the positions of the investigated buildings and the points where the photos were taken. It also shows the locations of the preliminarily predicted active faults 12) and the surface faulting that occurred in this earthquake. The locations of the both faults almost totally correspond to each other but the branched fault on the south side was not identified. Straddling the fault, the hanging wall sank down on the left (west) side and the footwall uplifted on the east (right) side. Pictures 1 to 10 show building damage and the surface faulting. The wooden building in Picture 1 is on the extension of the surface faulting in Picture 2, and it is considered to have been affected by fault slip. However, as any fault has not been clearly seen in this place, the location of the fault has not been known. The northern half of the building seems to have been additionally built, and it didn't suffer much damage. But, as the southern half of the building had already been demolished, we assumed that the damage was D4 (fully damaged). The demolished building was actually tilted as of April 16, and it was propped by a pole (reported by a personal mail from Shinji TODA, Professor of Tohoku University).
Pictures 3 to 6 show a very old farming house immediately above the surface faulting. The fault slip of nearly 80 cm appeared under the house and it ran diagonally on the south of the house. Its foundation was highly deformed due to the fault displacement and the house was tilted. Therefore, it was classified as D4. However, judging from the look of the inside of the house, the earthquake ground motion was not strong as such, and it is notable that it didn't collapse in spite of the damage due to such large fault slip as this.
Pictures 7 and 8 show the barns that were next to the house in Picture 3. The barn in Picture 7 was fairly old, but, as it was about ten meters away from the surface faulting, the damage it suffered was as minor as D1. On the other hand, Picture 8 shows the very old wooden barn immediately on the surface faulting that appeared due to the fault displacement of nearly 80 cm. The barn was deformed due to the faulting deformation and the damage was classified as D4. Some of the roof tiles fell off mainly because the eave roof sank down. This also shows the ground motion was not very strong. Pictures 9 and 10 show the house next to the south of the barn in Picture 8. It was also very near the surface faulting. The traditional wooden house in Picture 9 was very old with little walls and heavy thatched roof, and thus, its earthquake resistance seems to be extremely low. However, any damage was not specifically found, and the Damage Grade for this house is D0. Picture 10 shows a relatively old wooden house. There was no visible damage found other than small cracks. Therefore the damage was classified as D1. 
Area 2 (Tabito-machi Kuroda, Iwaki-City)
In Area 2, there were relatively many investigated buildings (seventy), and four buildings immediately above the surface faulting suffered damage. Tables 17 and 18 respectively show the relations of the Damage Grades, to building age, and to the positions of the buildings relative to the fault. There were 42, very old buildings, accounting for more than a half. Four buildings were classified as D4. The percentage of fully destroyed buildings was 6%. Among them, three buildings were located immediately on the fault and the percentage of fully destroyed buildings for ones immediately on the fault is 75%. On the other hand, nearly 80% of the buildings suffered minor damage of D1 or lower, and almost no great damage was done to the buildings except for the ones immediately on the fault. Figure 6 shows the positions of the investigated buildings and the points where the photos were taken in Area 2. It also shows the locations of the predicted active faults 12) , and the surface faulting that occurred in this earthquake. Although there were the two predicted active faults both in the east and west, the surface faulting in this earthquake appeared in between, about 100 meters away from, the two. Once again, straddling the fault, the hanging wall sank down on the left (west) side and the footwall uplifted on the east (right) side. Picture 11 shows a decrepit, very old wooden house at some distance away from the surface faulting, but it was tilted to the east (the far side in the picture) at an about three degrees angle and the damage was classified as D4. Its earthquake resistance is considered to be extremely low This is a rare case of great damage incurred due to ground motion. On the other hand, damage to other buildings around the house was all classified as D1 or minor.
Pictures 12 and 13 show a steel gymnasium of Tabito Junior High School and the crack in the ground on the near side in the picture is the surface faulting. The fault ran across the gymnasium from south to north, and sank down on the right (west) side, tilting at an about five degrees angle. Picture 13 shows a far left corner post of the gymnasium in Picture 12. The building sank down on the opposite side and tensile rupture in the column base occurred. Its Damage Grade was estimated as D4, since the foundation was greatly deformed. On the other hand, as for the two-story school building next to the east side of the gymnasium, which seemed to be steel framed (there was a plate telling that the building was built in 1991), any noticeable damage was not found to the building. The damage was classified as D0, although the ground around the building was deformed and a crack was found in the expansion joint part between the school buildings. Picture 14 shows a relatively old, one-story house and the faulting runs through the left side of the house. The house was on the uplifting side and the entire house was tilted to the left (north east) side at an about three degrees angle, sinking down, but there was no great damage to the house in appearance. Therefore, the damage was estimated as D1. On the other hand, in this house's picture, there is a main house on the left side. The main house was connected to the house in the picture by a connecting corridor. The corridor suffered great damage and was partly demolished. According to a local resident, they suffered damage; a column in the main house was pressed and tilted by the corridor. However, the damage was minor in appearance and estimated as D1.The person living in this tilted houses in Picture 14 stopped living, and moved to the main house. Picture 16 shows a very old wooden house. Immediately under the house, the surface faulting ran north and south, and a big gap of 80 cm appeared. The house deeply sank down on the left (west) side and the left side of the house was greatly tilted at a nearly 8 degrees angle. Therefore, the damage was classified as D4. There was also a retaining wall behind the house, but it was also destroyed due to the faulting dislocation.
Picture 17 shows a relatively old wooden house. The surface faulting ran on the far right and the house was on the hanging (sinking down) side. The house was tilted to the left (west) side at an about 5 degrees angle, and the damage was estimated as D4. On the other hand, in an old wooden one-story house on the footwall (uplifting) side across the fault, there was a noticeable crack caused by the ground deformation, and, therefore, the damage was classified as D2.
Picture 18 shows a retaining wall destroyed by the surface faulting. In this picture, there is the house in Picture 17 in the back. The building in the left foreground (hanging wall side) in the picture was a very old wooden house. As there was a noticeable crack on the outside wall of the house, the damage was classified as D2. On the other side, on the right side (footwall side) in the picture, there are two very old wooden houses of about 30 years old (according to a local resident), and there were noticeable cracks not only on the outside wall but also on the foundation. Therefore, the damage was classified as D3.
As this earthquake was generated by the normal faulting, and the soil condition was relatively stiff, overall there was not major difference in the level of the building damage between the hanging wall and the footwall. However, as in Pictures 14 and 18, when the buildings next to each other across the fault were compared, the ground on the uplifting footwall can be tilted by sinking down to the hanging wall. Therefore, a tendency was found that the level of damage on the footwall was slightly higher.
Area 3 (Joban Fujiwara-town, Iwaki-city)
Area 3 is an urban area of Joban Fujiwara-town in Iwaki-city, and there were 114, the highest number of investigated buildings in the area. Tables 19 and 20 respectively show the relations of the Damage Grades, to building age, and to the positions of the buildings relative to the fault. Three of the buildings were immediately above the surface faulting. Compared to the other areas, the percentage of very old buildings of 30 years or older was relatively low, and the buildings of 10 to 30 years old account for about approximately half. There were four buildings with damage of D4 and one building with damage of D5. The percentage of fully destroyed buildings as a whole was 4%. Out of the five buildings that suffered damage of a D4 grade or higher, two were immediately above the surface faulting, one of which was a destroyed temple gate (Picture 29). On the other hand, out of the three buildings which were not immediately on the surface faulting and suffered damage of D4, two were the decrepit alters of a shrine and a temple and one was a very old house on soft ground. For the other buildings nearly 90% of the buildings suffered damage of D1 or minor. Figure 7 shows the positions of the investigated buildings and the points where the photos were taken in Area 3. The literature 12) does not show an estimated fault location but it is known that there is the Fujiwara Fault around this area 13) . The figure shows the locations of the surface faulting that appeared, and across the fault the hanging wall is on the lower left (sinking) side and the footwall is on the upper right (uplifting) side. Pictures 19 to 30 show building damage and the appearance of the surface faulting. First, Pictures 19 and 20 show the surface faulting that clearly appeared. Picture 19 shows the fault dislocation of about 20 cm and a spa resort facility in the distance, which suffered building damage due to fault dislocation. Moreover, in a south-eastward direction, as Picture 20 shows, the surface faulting continued on the golf field where fault dislocation of more than 50 cm occurred.
Picture 21 shows a wooden house of 30 years or over on a high retaining wall built by mounding soil (according to a local resident). It is as close as about 30 meters to the fault in Picture 19, but, as it did not suffer major noticeable damage, its damage grade was D1. Damage of other buildings around this house was also classified as D1 or minor.
Pictures 22 to 26 show damage to a residential area on the south side of Fujiwara River. Picture 22 shows damage to a retaining wall on the north bank of the river due to the surface faulting. A large crack appeared as the ground pictured left (on the west side) sank down. Picture 23 shows a 23 year old wooden house (according to a local resident). Right behind the house there was Fujiwara River, and the house was close to the surface faulting in Picture 22 and was located on a high retaining wall. The grounds of this house sank down to the west side of the house (the left side of the picture), which seems to have occurred due to the fault dislocation. As the house was also tilted, the damage was classified as D2. On the other hand, Picture 24 shows a very old one-story house. As Picture 25 shows, since there was a difference of about 20 cm in level on the street in front of the house, it is considered that the fault ran on the east side of the house. However, as the house only suffered minor damage such as falling roof tiles and cracks, the damage was identified as D1. Other than this house, damage to all of the other buildings in this residential area was estimated as D1 or a lower grade. Picture 26 Decrepit, wooden house considered to be abandoned (D3)
Surface Faulting Surface faulting
Surface faulting collapsed (D5) in our investigation. This was a tall building with its pillars not anchored by the foundation, straddling the fault with the one side sinking down, seemingly causing the whole gate to tilt and fall down. It is considered that almost no aseismic design was taken into consideration for this gate, which should be noted when using this case as data. On the other hand, Picture 30 shows a worship hall which was about 20 meters away from the fault. It was decrepit, and damage to it was estimated as D4 since it was greatly tilted.
Picture 31 shows a 45 year-old traditional wooden shrine office which was used for official work and meetings for Kumano Shrine (according to a local resident). The ground on the entrance side in the foreground was mounded soil, and it moved and sank down to the foreground side. There was decay in the wooden column base, and, as there were many cracks in the outside walls and the foundation, the damage was identified as D3.
Picture 32 shows a very old (about 90 years old) wooden building (according to a local resident). It was near the southern end of the surface faulting, and was on the side of Fujiwara River. Its soil condition is seemingly very soft. On the premises, ground deformation was found and the building was tilted toward the left rear (south west) in the picture. It was also deformed and the damage was classified D4.
Picture 33 shows a very old farming house built in 1958 (according to a local resident). As deformation of the house and peeling of the surface of the outside wall were found, the damage was identified as D3.
Picture 34 shows the altar of Yasaka Shrine, which was not a residential building but suffered great damage. It was very old and its wooden foundation and pillar were decayed. It was greatly tilted and deformed and, therefore, its damage was classified as D4. 
Buildings near the surface faulting in other areas
Buildings 1 to 3 (see their locations in Figure 4) were the buildings located immediately on, or very near, the surface faulting. There are not included in this complete survey result but are reported here as case examples of the impact of the surface faulting.
Pictures 35 and 36 shows a very old, traditional wooden house in Aza-Karasuki in Tabito-Kuroda, which is located in the south of the Idosawa Fault (Building 1, see Figure 4 ). The surface faulting appeared in the street in front of the house and its yard, which caused a difference of more than one meter in ground heights. Picture 36 shows the appearance of the surface faulting. In the picture the left-hand (west) hanging wall side of the ground sank down, and the frame of vinyl greenhouse was greatly tilted. The house in Picture 34 is in the left rear of Picture 36. There was no external damage found either to the house in the Picture 35 or a very old, traditional, two-story wooden barn next to the house. Therefore, their damage was estimated as D0.
Pictures 37 and 38 show a traditional wooden house (Building 2) and the appearance of the surface faulting near the house in Aza-Tsunagi in Tabito-Ishizumi, which is located in the north of the Idosawa Fault. Picture 38 shows the damage to the retaining wall along Tsunagi River, which was caused by a fault dislocation of about 50 cm. The house in Picture 37 was located next to the river and was a very old wooden building (according to a local resident), but there was no external damage found to it. Therefore, the damage was identified as D0. of the picture sank down to about 30cm. According to a local resident, the part that sank down became unable to retain water as a rice field. As a result, the field was used for other crops. The house in Picture 39 is seen on the extension of the surface faulting in Picture 40. This house was located almost immediately above the surface faulting. It sank down to about 30 cm to the southwest side and was tilted to the east side at an about one degree angle and to the south side at an about two degree angle. Due to the ground deformation, the house's foundation was also destroyed, and as a result its damage was classified as D4. 
CONCLUSION
In this paper, first, we examined the characteristics of the strong motions recorded in the April 2011 Fukushima earthquake, and we secondly summarized the result of the complete survey on 191 buildings in total located within 500 meters from the coseismic surface faulting. From the data including the age of buildings, their locations in relation to the faults, and the characteristics of damage to the buildings, we obtained the following conclusions: 1. By comparing the strong motions records and the attenuation relation, we found out that the ground motions of this normal fault earthquake were even or greater, as compared with those of a reverse fault earthquake. 2. Even though the bedrock is shallow and the soil condition is relatively good in the investigated area, there were cases where there was about 100 meters gap of the locations between the surface faulting and the estimated active faults. 3. Severe damage was caused almost exclusively to the buildings immediately above the surface faulting. Especially as for the buildings immediately above the fault that vertically slipped by as greatly as 60 to 80 cm, the buildings themselves and their foundations were greatly deformed and tilted. All of their damage was estimated as D4 (fully damaged), but none of the houses were collapsed. 4. The only building that collapsed immediately above the surface faulting was the temple gate (Picture 29). It was considered that, as it was tall and its pillars were not fixed in a boulder foundation, the whole gate was tilted and fell down due to the vertical fault slip of nearly 60 cm.
In order to prevent a building from falling down, it is necessary to firmly fix the joining parts of pillars with the foundation by anchors or other devices. 5. There is a tendency for building damage to be seen much more on the hanging walls in a reverse-fault earthquake as has been reported. However, this tendency was not seen in this normal fault earthquake. The reason is that, in addition to the relatively good soil condition in the investigated area, the hanging wall of the normal fault simply subsided and did not show large-scale ground failure, unlike in the case of a reverse-fault. 6. The percentage of the buildings of fully damaged due to ground motions, excluding those due to the surface faulting, was about 2%. Many of the damaged buildings were very old, the JMA seismic intensity was equivalent to 5 upper to 6 lower. In other word, it is considered that, although the large-scale surface faulting appeared in this earthquake, strong ground motions were not generated near the surface faulting. This result is also consistent with the result of the research in the 1999 Chi-Chi, Taiwan earthquake 2),5) .
Given the locational relation between the investigated area and the seismic fault, it is considered that a directivity pulse can occur in the area. However, it appears that low-rise buildings were not greatly affected, probably because of long-period seismic pulses in this earthquake. It is necessary to investigate this topics with strong ground motion simulations in the future. The survey form used in this investigation was originally intended for building damage caused by ground motions. Therefore, there is no criterion for assessing the extent of damage in the case where a building is tilted and/or deformed due to the ground failure, while little damage was done to a building itself. As a result, the assessment was inconsistent to a certain degree. In the future it will be necessary to develop the criteria and charts for systematically assessing building damage caused by ground deformation including liquefaction and embankment in addition to the coseismic surface faulting.
In conlusions, it was clear that the ground motions near the surface faulting of this earthquake were not very strong, although a building immediately above the surface faulting suffer great damage due to ground deformation. It is highly possible that, if a building is securely earthquake-resistant, it does not collapse. Even though it is desirable not to build a building immediately above an active faul, there are many buildings on active fault zones in urban areas in Japan, such as the Tachikawa Fault in Tokyo and the Uemachi Fault in Osaka. We believe that we have obtained useful information from this investigation, which can be referred to when predicting, and discussing counter measures against building damage suffered immediately on, or near, active faults.
